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 In this paper, & survey is made of the existing nd pome
proposed new motheds for the control and purification of air
i and @ses which might be released from & reactor contained or
confined for protection of the health and safety of the public
from potential accidentn. The differcnce between confinement
| and contalnment concepts muet be considered, The problems
‘ . involved and the need for decontanmination, site selecticn,
| exclusion am, populaticn density, dlstance, ete., have Mnn
discussed eloewhere, For example, in the rocent IABA (1963)
procecdings series (Bombay, India) March 1115, 1963 "Siting
* of Reactors and Nuclear Rosearch Centers, IAEA Vienna ST1/pub/ye,
% propose to discuss here the mafoty measures necocsary ¢o.
_eontrol the release of radloactive msterlals ts (he envircnnent,
Thiz requires gpeclal systeme whieh must function effoc
to minimize ioss of fission products such as halogens en
pavticulates, These ean penotrate the confinement £iltc. -
or the containment vessel to & limited extent even aftes cleani:
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CONTATIMENT VERSUS CONPIIUNENT CONCERDS - THIIR EFFECT
tmn THE COMIROL CF ACCIDENTAL RELEASES FROM REACTORS. ~ ~
e Before diueuﬁninc the principles of behavier of radis« L

active concaminanta within vosotor containrent vessels,. relateé

buildings Of releaaed fission prnauet or sontrol eygtems, it is “;
necesaary to emphasizaftha baaic d&fferences in conﬁroi canﬁepts o
betmeen centainment and confinement uyatemso | e o

mhe fun&amental ﬁiffewenées to bo censidérea frum a" |
cleaning or contaminant r@movai standnoint are b@yonﬂ the can«-u
eepts of stora& énergy'aad elgse& envirnnm@nts aﬁ elevate&

COnfinement is the older %echnique uwed in praczice sznce
iﬁ was first 1nsta11na &N the Gak Ridg@ X~10, 3 M graohité T
m@derated air tpoled pile in 19h8, This was dene in order to |
prevent furthev loeal depoaiti@a of radicnotive releasns frcm :
fuel elemeni ruptur@e‘ Mo exhaust £iltors were provided prior to
1938 and only & tall staak {200 feﬂt) provided éontrol of aetivated

”'. 835 and partiales by 613persien te the atmos pheve. It should bve
‘ recognized that in eenfinement systems, the installed air or

gas cleanlng devices, such a8 scrubbers or filters, are contiauougiy

o on-strean and.are‘functiening‘at all times handling routine

releases such as building ventilation air with minimal contamirmn-
tibh, Wnen they are ¢alled upon to handle serious zﬂc‘acnb
situatione, such as the installed staok filters were required o:
do at Windscale, they were already functioning and reguires ro

‘ adﬁﬁating éignal or tripger to respend, The duct work and ctosh

alro behaved as settling chambers for betention of coerse par 1clea
and caused some agglomeration of finer particles, These parcic?ea
aiso becams condensation éﬁrfaces'anﬂ sdsorbed significant quontities
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of jodine and eﬁhw volatile radionuclides, Until a later .

- deeiaicm xqaa nade during the &ee&ﬁo&t to aﬁé mﬁex’ to the bumfmg.
o pne, theae wers the mjox* factow mspm»ibia for mduction |

o ;of stack releasea. A s‘og mmy ox‘ dousing pystem mémc@a the ‘
. c;maequencea uf the accs.ﬁemtai mmvmes ‘azspoiated with ﬂeltirxg
o of thé mactw f‘u@l w sindlar sources of ‘contanination. _:!:n

2 miﬁ@m% systemes, tha imtalle& eleamag; units ean handie O | )
: . 'both mutiné releases an& mincr aaci&ents as woll as ma,jem “ N

aeezidantm : m t:he casa of z'out:ine memt&om, aecess. Lo t.hss

o ,eiéamm syatenr nay: be made for maintemme and veneval of &cmb» ‘

| ."'bing Bolvtz.ona or fuﬁem. : m&s néy be required at i‘mueﬁt

S :&m;&mm Xn i:}w ease of the ae’mm &ccm:mt em HCA (maxi:mm -
L credible aceidemt) » the fiiter houss or serubber may boceme po

o seriousiy . eontaminatotﬁ with r‘adicactive long-1ife ﬁseicn pmduc'cs

o that 4¢ may be a‘bandonea and burded, 1If the regotor 1is :.ntenaoa
S :,'f;e be contixméd in aerviee, an slternate unit must be avallable
7 er a new cloamy Pacillty ruos be eonstoucted, It should also

- he‘nbtea that the confinemeny gysten must be protected from
the éfféots of the relsase of large quantitics of steam, hot
. pases ahd decay heat from coliectea fission profuets, Thds
featufe may or riay not be hecessary in ecntaim'mt sysbems
depending upon when the cleonvp systems ave activated. If theg R
. Are initiat&d at the sa_me time the.t the fég spray ov conta.,mem
presgure reduction Sprays are actuntedg they must hava the soms
eapabilities. In nddition, they must also have the ablility to
“funetion undsy saturated conditions of increased or chanping
' ) amaspheric px«escéums ?}ué to the stored enexgy mleéaed within
the contaimént «. The effest of the spray system in retucing
_eontainment pressures wiil, of eourse, produce a ohanging
atmospheri¢ pressure situation within the contalnment vestel,

.....
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It 1t can be safely assumed that the steam enviromment and its
..__-efteets will be esaentially elininated by a long delay in tims
" before core-meltins takes place and that a gimultaneous rclease

L of tiesion pmducts with ths steam could not occur, then the

| activation of the cleamuyp eystem could be delayed until cptizmm
gm eleanlng or filter o;erating eonditions prevaued. Une-
fort\mately at the present time we do not have enough assurance
bazaﬁ on aper:mental stmdies ang accident experience to make
}such_ a pafety judgment. 'In view of this situation, the con-

. servative approach must involve the selection of contaimment and
confinement cleamyp eystema that will f\mction under the worst
t,nticipated conditions, ' '

© With such obJectivea in mind. it can be stated t‘za*
" confinement systems ere move flexible in that thoy can utilize

o moximm air flow as a means of control for routino end minor

| accidental releaaea and ca2n utilize reduced flous in major
releases to obtain better decontamination, Filters and other
'ms cieaning devices wbuld often function better on small particles
 at reduced oir flcw., They do have the disadvantage, hovever,
that the cleaning device perfornance specification must bo hishar
because one pasas contiriuou's flow through a duct =y=ton wiil not
prcvidé the optimun vetention time for ébsoz*p cici, adsorst:
tmd éggldmcmtion. ™ese can all be usei‘ul mechanisas dn s
closed recirculating eystem such as an emergeney cleanup unilg
ixmtalled within or outside a containment system but esubject
’to the sane ex:vironmcnts produced within the contatment vescel,
| Containment c¢leanup systems have the mdvantage that they
have avallable sufficient residence time for the released cone
taminants to agglemerate by Brownian difﬁmio‘n.or particles c¢an
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grow by mmiémsa%ian mechaniems from the saturated environment

" 4n the'éfaw of water feéstam. Adcorption can tale place on .

par%icla surfeces on the éaonta men’a ywalls in mlatively Ve
~&1smrbea conditions (un stagnan’c alr’ gITms) - J F!wﬁ’w!' advantages

exist baaauae the ﬁ‘ue& valmsf pmm&es *—‘ufi:}.vlent tiue f’ez'

settmng ami deposition oﬁ' p&rtwlae. The contaixmenf: syr’ay

LT _"eystm can wbm moYe effactively on partic:!_ca removai beeause 46 o ..

 ;~ garovﬁdea a muitiple gass sy&tefm as eontmsma to a acmbbar
Loha pmeetss waste stream or th & confinement claaner. The
use éf' internal clesmun devices is enhaneed ‘bbeamse of the e | |
” recirenlation asyec*c since sevam‘l pesses ¢an bs made thmuuh "
vvila mngie ﬁev:ice such 85 @ Mmbber oF f‘ilter hence the initia'g | -
éfriéiency need not be es high to ovtaln & given fi.nal p@zuomarse&.
B It 4 apparent from the sbove disocussion that confinems s |

" anc} contairment gy@tem eaeh have their oun chervacteristics and

merits Tor prevention of radiomcetive releascs undor routine end

' ' acci&énﬁa; conditions, For the xoutine ¢ese, the conlinement
" pysten Az operating as designed. WMo speclal benefit in this ans
. atcerues to écntaiment‘; as a matter of faeé, fanll roloases
within the eontaimment vessel ma'y couREe an Wposurs Lo ocopante
" &n rescarch or testing reactors. She hondling of routins rele- .om
. 4n contalned reactors ir alsc donce in modt caces with elther
continuous or bai:ch cleanup systons using decay oy detonbion
tanks or lines, he eholce of containment versus confinement
involves ecconomics as well as safoty, Pt elther system can Lo
made to funetion as mtmﬂed to protoet the environment aad the
pubuc mﬁiding near the reactor facility in the evem oi’ a
. aars.oua malfunction or accid«ant;.
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III a eozwnmmm AND CGI‘!"I‘AIMM*‘B ?*XBTHQDS - ,
. The following, eonflnemeut and contaiment methods .hwe
%een aevaiepea br are in use in thé vnited Sta@en.»

.'Gonf.‘!.mmnt : T

:‘Containment .

_ﬁéntaimﬂni; piuﬁz conf’inmém

- Containment plus preéssure euppma.slm ‘

" Contalmment wyith valving - - . Lt
Double containment = ST T
bifmaicn board eonfinen &.nb

" A) commm%“ L -
S ine reactor buiming 1a cons fined by & ncarly dmperyious -

awmaaw»

e mvelope &ncluding masenry or mebal walls (Fif?we 1), Ine R
L icakaga cf amall vblumes of aiv 13 ot sevious as it ia part
wel 'c»f t!he upual builéing ventnation systeit.
[ Inside the bullding & negative presoure of 1 inch of
wa{:ex' 8 ‘maintalned and the static pressure bullding load
- does no‘a exceea 1& to 2 psi. & alr exhansted pantes ‘*hmugh |
.._ffi'ilt@m or serubbers and adsorbers and 48 then released to a
tall etack‘ Experdment hes shown thot £ a scrudbber 18 used

;! 1 must bo followed by & filtration system. In mest cages '

q the S.nlef; and exhaust alr are px.wi'il%ex'cd. In case of en
accidént, since the bullding leake :!,m«ar’d, al) fission produrt:
o 'mleased pass to the *Piﬂters smd vmi: the limited stored

,-‘-;_ . ;'f“.\-' enet*g;y S’og :spmys am medca w lmmr the temperaturg;

, | ' tzonéeﬂse thﬁ’ ateam f‘amod or to Quench the tyumﬁ.ng fuel
Cswgs.t e
m) - cowmmemme.

| " Fﬁgum 2 sho’ms what i cmmniy &esé“ibed as "Ccmt'z&mﬂmu
. Reactors used4in.the'nnitea States pover réactov'pragxam. ‘
ave eaaentigily'watev coclea nuciear,goﬁ@rtplanta with eignificant



v “amaunta of.atored enerey, Contasnment is designed to confine
1. all energy release plus the cantaminants. Valves which can

 ’kﬂbe rapidly eloseﬁ ﬁake cava of releaees to ﬁha sﬁack during

§~rout1ne cperation. The containnent vessel ia made of seel

\ ff;er of reinforccd concrete wiﬁh a stéel membrane¢. The etatic

°';fc pf@ssure 19 eQual ta aeeidenﬁ design energy relcaze ccp&itiona.‘ . ?

= @; §or nost casea, we eonsider a.permisgibla dynamie 1ea1age

if’@qual to 0. 1% ef tha contained weight {or valuma) of aip

~;;,per'2h hours at é@sign pressure. . Bpraya are uged to 16uer 3

‘:7m.pmessurés Oﬁti@nal sontral ayatems ean 1ne1ude raeir@ulaking

'atr eleaning systems, & foun gonsrator or both. Under acoi~

TS deng cenéitiens, the iaelation valves which are used to canfinﬂ'

‘ ,,; the contaminants reléased mst ciaae within 8 short intorval.
4 ;f'jghey-may be inctalled in tandam to provide redundancy for
"'tEf;"safety., Poiling water and pressurized water reactors have

' _;f%Nbeen contained by ﬁhe unfired prescure veosels, A few others
T such as advanceé gas cooled (EGCR) and organic modevated (F*§¢“)

.fi:};haVé 8150 been contained with differenﬁ atgved enerey canaideraticﬁs. :
c) . - CONTATINUENT PLUS CONVINSHENT ' '

"

In the contalnment plus confinement methaﬁ, two . ccmnlate

.‘517,f;barriers surround the ﬁrimarv system (Pigure 3), The cuter

';fgifconfinﬁmeﬁt vessel can bo metal plug ¢onerete or only & shell

,'f 7fcf reinforced conerete whose strength is provided by the

needed shielding thickness, A negativs pressure of up to

6" Hz0 may'be maintained inside tha annular section between

. the vessels, The contalmment vessel is made of steel ang
reinforced concrete.» I an_accidqnh occurs the contaminants
leaking from tho eohtainment vessel are sboorbed end filtered

in tﬁe confinencnt systen before thédr release through the étack.




The reteativa c&oability cf the primary containment is.

'~Tiidentica1 to that of thé ays»em descr;bzd dbeve.

B ‘;f.:)) coxmmm PLUS PRE:&SURE smamsmx | |
o Ereseure suppreasien plus Qo%ﬁainmpnt mathad is &uitahle

“*.ﬁfor application to eitﬂer type 09 w&ﬁer caactar. It haa anly

f:,been applled recently to. 1arg¢ holling W&t"ﬁ reaetors of tha

"“,}-.direet cyclé type (Figure #)a_ The prinary aystam is centained -

o Within a dry welz eontainmsnt ﬂhell anﬁ the primary staam is
o plped to the tuﬁbina thrmugh dcub1e Valves plus thé turbine ¢}“*"

»'G~Bt0p valve. ﬁhe dry well is actually a small cantainmnnﬁ

ijf:vessez designed for the me L creﬁible accident release 5" '
VU of internai energys The dry well vents the steam (stored enargy)'

"'fpﬁifrnm an internal ﬁipe break thrcvgn jet ceaﬁeaser 1022100

’ 7&1?;.p1aoe§ n e quench tag\ lacaued ina vanov tight supprosoien -

.. chanber Or pool containing a 18rge water volume, The aix aud

' Fiiﬂ?non»cnndensable ghses pass through the water and ar@ tropped

5"9f‘fabeve the pool whilé the steam end some fisslon preducts ar

;. - trapped, The refmelinu bullding 1s used for refucling aceiﬁenﬁ"

“.zgrelease control.v 1t 48 buils over the weacter'plant and provides

e ggnfinenpnt during refuelibg} It hes a shrubber or A fi;%ﬁv

:;“-adscrocr cicanug syatam and functicns in a gimilar manner.

" The routine gases are ejected and releabed bo a tall stack.

' The aame atack #1s0 functions as a ailution device for tho
veleases from the refueling bullding confinement schene.

The volumes roleased are minimsl to rodues 5lze of scrubber
o fiiter units, A high efficlency 1s thus cbtained for tho

B retenticn of contaminants.




wid

B E) : comnmmm WETH VALVING .

Figura shows the method of containment with valving. .

'ﬂféxt has been applied recently to tha wa ﬂroauetion.acactor
st Hani‘crd. This system 45 cimilar to the total contalmient -
e method.. A series of valvea are locat & in the voof structurs f
Lt‘fﬁf the building to velease s%ared energy'from a. pressuwizea
’f; water reactor piping break The sborea energy of the steam.
"' ;f:re1ease is thus vented 1n the caSe cf an accidcnﬁ before the
7»;:ffue1 melts.; The valves are ”butterflj-type and are normally 3
| ’"}?iVopen. Tha covers locatn& above them are «hut dariwg yeactor '_f:
"' {jj Opération._ when the preSSure buiﬁds up the clos ed ecveﬂaiﬂw |
’ ?fﬁ,QOp ope n aﬁ a nrﬂdotarminaa oressufe. ‘The "butterfiy” |
~ft§aives cloéé aftev the stomad cnewgy 18 releasedé After the
| ,7‘steam releaae, a clean-up system with high ef ficieney,filters o
}{ifand adscrbCrs bccomes onrvative. The system can be consldered
‘~£F§as an alternate ‘to pressure suppre sion wnich enubles *txrcd
f%3ifﬁuenergy tc be condcnsvd
SR ’.._.-_f'za) DOULE CONPATIMENT

' fhe double contairment concﬂgt i3 plannaé foﬁ‘ the falibu

iut‘ﬁi Eeach raactor {City of T Tos ﬁngeles) (Figufe 6). & 1iceﬁsé
‘;ﬂtiij‘has been re"antly requested for the construction of this 7
‘:73$ﬁi actor° Emch barfier used 1s simllsy %o single containment, ,
'E‘:) but the twa eoncentricly locatﬁd contalinment vccrels are cpaced’
) ”P,“a few feet anart The annular space betueen the ves nels
‘»‘fbound by the tuo steel membranea upd is to be filled with a
iload bearinu porous meéia denoted an "Popcorn C°1°reteﬂ-

“.This porbus volume ia coﬂtinuoubly puﬁoed at 8 npguti“c

cont?oiled pressure with raagect to the mubient aﬁmQSp. re.

',The leakage of each ncmbrane ia 0. lﬁ'pmr day and with tuo in
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series, Loncy less than 0.01% would be @méeeea es an overall

E figure 1f thm o we@a prassuriaed wlthout ccntinueus punping.

.t‘Aceording %o tﬁa daslgnara, no eontaminaoion csn be relessed

avéf;f the- pumging is maintaxnea thrnughout tho accidont. zu ig

"'fneceasary Ee adm.t a% pr@sen* thag ﬁhis is & theometical, or

2 at 1aast hypothetiéalg c@nditien Binca 1@ has not besn tested

i)an a 1arge wcale. Some degrse of canthminatian sould be

"*.released herora the rcutine release igolatien velves go into.

“;{Tcperation unéﬁr the eonditﬁons c@rressendlng to an acciﬂuvte _‘1;

‘gffw1th 4 pump failure, a pasitive pr@ssura alao resulus¢ The

_ ff€£system 1@ deaignea v c@nﬂense thé relaased steam.azd to provide‘-
,"F@jtccntrol comparable to single eonta&ﬂmﬁnt within %he inney

: ”L;_vessel. fhe cost for the construction of this doudble containu-”. RS

f_f;{;mﬁnt may be high in capital expendituxe althaugh tha ma éor C
. ﬂJ if<'cost ia expected to be necessary for shielding cencratc rather
_,than ’che containment atmctms. ¢ s e
o 0’  DIFFUSTON DOARD COMFINEITNT

The technique of diffusion board confinenc 1% (Figure 7)

1"jfiwas developeﬁ at Harvaxd as a new aypvnach. It 15 vased on a .

2 gontrolled £iltersd a clease of stered energy. | AlL but tne

".;?ijnoble gases are decontaminated by the diffusion mombrane and

~7f_the steam 18 released to the aonospnave without a serious,

7ﬁ;pralonge& pressure rigse. ' The released steam passes through

.carefully &esigned and tested diffusion membrancs which aya
 «poraus to gaces and steam. In the event that 1t nay hn P“ﬁi*,
‘& contaimment system for noble gneos 15 shown in dobted 1insn,
Thiz development was intenééd.to reduge the cost of bullding
‘jconfinément or safety systems. Confinement or céntainmant nay

-

]
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involve 8 to 154 of the eost of an overall plemb. 'fha

dimzsicn boards daveloped to date (Figuz‘e 8). are fozmed m‘
'_,'vax'ious iaminated eampcnenta in ﬁ"me., such as filte meﬁi# -
honaymmb 5 - filter meaia‘ me» heneycovnb section zs mda oi‘

exoande& ammimm and then i’nled uith activated cerbon ov

- g anver plated siiica. gel having & high adcorptive crpacity

R for S.bdine, 99 9,:. ?he aix%cm@ p'arfieles are X’ut&i"l"‘ﬁ o

g,_aas fiber media at comparable efﬁclenay. Geramie ﬁifi"wmn o

panels develeped % date are emowed of g‘tass fibers and
eéme bond..ng ma%e:x»ials capub‘i e of wifﬁm tanding very Mgn
f:empera,tureso ﬁmu panels have been used in tho e:r_ps»rinerxts
pzv«sently :?.n progress to evalvate efficlency, prespure dmp

, #.md maisﬁanee to ghock and steam. Table 1 shcma the pamiem :

mmoval maults obtamaa mwo 084 uranine, In each ease, :‘it |
has heen possible to attain efficiencien h.,gheer than o8, 9%. -
| fhe pesults of the adsorption of lodine %y composite

tfarv:mi diffunion panels are alnd given An Toble 2, At th@
 , preaent&_time, the ceramie bhoards nre belng evaluated, mgh .

.. particis removal has Gees obf;a_inoéi. Rowaver, it hes enly been @

boggiﬁl@ %a’sgmm<97' of the doding wi thmxt furthes. tren menf; |

R -@a’f" %hé cemmc fiver, Further studics ;nl). be m&emaﬁcem Lo

1v,

aﬁtain t‘ne ﬁan‘i:ed deco'rt;zv.zunation faect om 61‘; ©5,.8% fox ‘ha:mg@n
rﬁmml. ' ' R ‘

' eommzmm v*:mm cczmmmm FILITR m*eum WS

nm thm seotion, & bxﬁef sv.rvey of cmi’imvnem; verans
eontainrmnt filtez* requirer'xents 15 pmrnntfad. Table 3 swmarizen
cach of the a‘bove ennennt&s with thelw bagic requimmcmss. Some

- examples of each type are glven., Table l& compares the requirc-

ments, These twé tablos are self»cypmnauoxvy and them 5.5: '
no me& to eiucidatae mrt:her on thosoo pointa. ' ’

Bl
-
.
-
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: High &econt&mination efficieney (99 o% ) is necesnery in
” the confinement syatems since only a single nass is obtained
'Lthrough the filter. ST e B f' S

' ﬂha cen”enﬁ?étian of cantaminants ranaining after a‘zj”;;,h‘w;‘f

-¥;5'reeircu1ating filtration qperatlcn in a containm@nt vesawl
'7_15 gzven by tha QQuatiOnf'"' ; = B

A efficiéncy L T
Ca = initial ¢oqgen%raticnv B R T B e
LV = oontaindd volwme . 0 L oene
- Q= 8ir flow (C.F..) -

gl b time of recirculation S
v In the containmenﬁ metho&s 4t 15 thue seén tha% the ‘f J
 *7§ 1nitial fllﬁer efficiency iy not g0 créﬁical - An off ici ey

'ifiaf 95 99%’is adoqaate in mos» ins tances aince 1t will in-
‘"°7}ﬂcrease with each pass of the filtered gas., : R

In the contalnnont Systnms the fi¢tars nust f681$ﬁ avﬁan

,Ntémperature an& shock waves which ere more amcortant thau in the 'Z L

‘iwfffccmfimem@mt syvtems The eapacity of tha filter System can be- o
‘A 7§;munh lower bgcuuse of recirculation. In both, decantaminatienlkj;‘g'
:rfzf&éfoccurs because of plateout, adsoryuion, sattl&ng and soray coll@cti@n.
R X comcmsxon» ~"¢;-»1-;-' S IR o
s , It is nccnswary to consider the econemmcal poink of vﬂcw
Wff pr@SGntwd by the confinoment and conteinment methods, Thig recuirms
'i consideration 1n detail in »stipatinw th& construction anﬁ opeTae
$1onal eost of various aystems aﬁcordinv te their canplexity. Doth
eonfinement and containment eoncegtv can be auite scphicticiz
in imnlementation. Because stared.enorgy can be diaparhed roalily
in cont 1nement ayetems, confinement syﬁtens may ba lower in initipl
| cApital cost but much hAgher in cperating coats than contaiment |

.construetion becauee 1arge alr volumes ars continucualy filtored.
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TABLE 2

-

EFFICIENCY OF HARVARD DIFFUSION BOARD FOR IODINE VAPOR REMOVAL:»

(A11 one half-inch boards) .

Size and¥®

in Empty, 11C6-B " Activated Charcoal " Silvered Silica Gel

1 .
2" Activated Charcoal, FG-50%%

Adsorbent Both Sides 1106-B Both Sides . 1106~B Both Sides Upstream, 1106-B Downstream
(3 Tests) : (3 Tests) (2 Tests) (3 Tests) <
Upstream Conc. . 5.69 5-&9" 5.40- 6.1 -
. ppm R ; : '
‘ !
Upstream - . 0.0659 " ! 0.059 ' 0.056 0.0636
conc. mg/l . i : -
2 i
Downstream 0.0L63 1.026 x 107k 1.023 x 107k 33.7 x 107k
conc. mg/l
Penetration % 78.3 . 0.18 , ‘ 0.18 . 8,35
Efficiency § - - 2L.7 > 99.82 | >99.82 9L .65
Panel Resistance 0.33 : i" "0.32 - 0.33 0.18
in. of Hy0 at - S o ' I
1 fpm ' .

# A1l panels tested at 1 fpm (1 cfm per sqQs ft.)- for 15 minutes. - -

s#% Fiberglas mat consists of FG-50 3/8 inch thick Fiberglas medium purchased f%om the Owens-Corning Fiberglas Co.,
Newark, Ohio. Downstream face and all other panels use 1106-B all glass media purchased from the Mine Safety

Appliances Co. (Mfg. by Hurlbut Paper Co., So. lee, Mass.).




; TABLE 1 ~

EFFIC"'ENCY OF HARVARD DIF'FUSION BOARD FOR PARTICULATE RE‘DVAL :
(Uranine Aerosol - 0.07.)% :

“a

Size and 1 3" 1v B 1° LA 1" Activated Carbon 3" Activated Carbon

Adsorbent Unfilled Unfilled Silvered Silvered Activated Activated Fiberglas Layer m.th Fiberglas Layera-»

’ : : SilicaGel Silica Gel Carbon Carbon , Upstrean . Upstream
6-16 mesh  6-16.mesh  12-30 mesh 12-30 mesh .

Upstream loading  8.08 7.75 8.00 7.59 S 6.93 8.2 7 8.8

mg/m A - . . .

gt resn loading 0.06hx10-% 0.16hx10- 0.128x10-4 0.692x10-k o.320x1c-L o0.128x10-k  o.k71a07Y L.ogx10-b

mg m . ' . . T : L .4.‘ P e .

Penetratioz % 0.7920°4  2,12x0°% 1.60x0-d  9.11x0-b  6.27xa0-%  1.85x0-F  s.soxa07h 15.7x10-4

Zfficiency $ 99.9999  99.9958  99.9999  99.9991  99.999L  99.9999 99,9594 . 99.55%

Panel Resistance  0.266  0.260 0.266 0.272 0.2  0.252 0.130 0.129

in. of H0 at : : e :

1 fpm ' ' o o . R

Relative Fanidity - - 15 13 15 2, - - 2 23

R.H. 3 - / ’ o "

i
H

# Mi =007 ;3 o =1.78

#¢  Fiberglas mat con51sts of ¥¢ 50 3/8 inch thick Fiterglas medium purcbasnd from the Owens-Corning Fiberglas Co., Newark, Ohio.
Downstream face and all other parels use 1106-B all glass media purchased fron the b.lne Safety Appliances Co. (va. by Hurlbut
Paper €o., So, Lee, Mass.) :
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Table 3
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‘. . Confinement and ccn’baixment Metzmds
. | ReQuimant e Ener-les
: mintain exheust condition cone (a) e"" Niags
N - ptantly through scrubber with X-10 Aip
< or without £1lter with or withe coalcd plie
.- out charceal adoorbere. Pree '
. -, f£iltered inlet end exhaust alr (b) B.::ckhaven
.- &n most cases. Dullding leaks - . ¥..>)avch
N 2. 4nward bub not adble to withe , Rraetyr BRR
g © gtand stored cnergy. Need
. fog sprays to lower tempera- -, () Fr “action
X e < ture or Lo qucnen bming; : Pl af Hone
- Ll s fuel aluas. . , it..._t ord et
y ST AL g A Sayannnh
: Gy e = River
et {4) oak Ridea
L - - Roctzich
- RNt Riozi»» CRR
" B. .. Containment .. -. Maintain statlec pressure with {a) pPir._ciumized
EE SRR e gpecified leak presgure umwlly ve ator cuch as
‘ s 0.1% Vol. per 24 hours ot £ 51z port

. AN dosipn pressura, R

-0 Use sprays to lower pressure, .

: {r) E-'iicy water
A o Bl 28
L ;.- dan
e ' ’ I-aw RUCK
¢, - Contaimment plue Combines B with A, Piliter Pregsurized
e Conﬁnemenﬂ system 18 providsd - clzanup water. Huch as

leakage from primary vessel In:lim m"h*’
~ in event of accldent. H.S, Sroo.amh
i Containment plus . Small containment vensel Pragevy ' : 7 vater
pressuz'e euppreﬂ- which vents stcsn & stored guch oo
sion energy to guench tank (Sup- PH-ZA T4, Juseley
S wIor v o ppession pool). Flnal o Aiapha
' a . eontalined veoelune must pele
colate thivugh water, Bolling tratep
- . Leakage requircmente came such &b
5 as containmont veseel. Iuaboldt Pay
o S : Bodepa Doy

nle




wame | {Cont *a.}

‘Reguirement : | ...' Examles

[ug " Bimilar to A ex except- valves ;U Presswdzed .
o arg provided to relense . - . water . A
!, stored energy. After o Buch @’ s
- accldent and steam relsases . | L HER (Hm?ov’«i)
. cleanup system mcoms e
.:"4,°p@mtiven L B

G A e 1 ~u.,nviv.muwm&miu.n.n.wnﬁ-' 5k 1 i M T P BT L VR Y g

: '~Simi1ax° to zingle contzine | preccurized water
< ment except annuiar Sooee . . Such an . :
< between two contadmment | . Los Anroles -
2r - yensels spaced govercl mmm fach
- feet apart and which ean o : ~
. be £411cd with porous nedin
- ia centixmoumy pumad to | :
“@ nesgetive prossure 9ith - . o S
.~,Avespect to the ambian% S i
. ' ¢ atmoEpheva, g B S =

Lo

AR A SO " i 3 Al N R O A A

G Gonﬂnemnﬁ #th © Simllar to contalmmont ekeept  Any tme LA

mfmmn Boax'dm - that all but neble fiscion None yob instatledy’
‘~ garces ere decontaminated and . s
G mmaaod to atmospheye wit;hout
.+ v prosgure riae.
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Fable 15

:jeonfinenent Voreus contaimenz
o Fllter Requircmentzs N

A T
s .

s g G Confl?:amem: : Obntain}n ont
1. Flites ."Bfe... .Rou’cine & Acc:ldenf; | Accment

.time (wQCS.)
- soz‘ber .
: effiaiemy (»() = 20 %o 1

4, 'Filter eapaeiﬁy Iﬂ'qual to ysi:em thvough guﬁ Baged on aemwﬁ

mgh rei‘erabl 9 9 Nominal
(P e 6‘31 :) or Dg ‘779 2 v e

5¢ Fﬁt@!’ ..
) Resiatance

- Usually bv-f-&" }{20 _‘_'f;;. | powsr 15 lesz,

6. Buildmg inlet. Nec.esSary R T vmeceasaz*y :
.";~..Desimble for long iiﬁ'e - . Depends upern cabry
' - - lecobion
Usuelly desirople

8. Fllter 18fs .. Showld e 1o years and = Shelf conditic.
R S -equal to holding capacity .. - > 5 years '

P N R

e . accident lo&dingg. L. aceldint 3,oaa1nn°

9. &gglomcration and 8@:1@51%5 slig;':t 2o Oreat bensfitn
. .- filtor 1if¥e anﬂ .. on efficisnay
: ez'i‘icicncy S = e {overall) on yow

AR I R lease raduction

0. Resis'{;ahce f;f.lféc@ssa?!‘.&" e - Neeegsary - -
. to steam and - o R ST . '
. water dmplets . S -
1. Shﬁozﬁ ave S !Dépfendé on lacaﬁi:m - ‘ ‘ ﬁe_eééggmﬁ
. "oistance o . - PR SRRt I
vr*otﬂcmon e , _ o o ST
2. Ambient resaure Unnccesea ‘beyoné 1 tts _j'. - Fust work at
° p ‘ 3 pss. W _ Lo 35~ 150 pei

:if,'tmmgazam : e .“L Requires ae mizion _
g 95,759 (v = ERY

. for needed pressure drop U oveeirenlation rate
- wsually 0.5 t@ 1.0” §ia<a : emd filter efficienecy
S TE /20 VQI/m.m. ‘

i“:"zme; not excee& exhausi;er | Some 88 confinomont
- gapaelity ab finai holding - Gan use highor presoure
;- capacity, drop since ecnacity and

Tl at time of am,icinatea o Heldinn eazﬁ%c?w -
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G. DIFFUSION BOARD CONFINEMENT

CONFINEMENT AND CONTAINMENT METHODS

1
! N
b
\ b
' |
DIFFUSION BOARDS l
“ / \ L
S — T < E— ; l
| : = // 7L S S N ()n‘\ N = i l
= ' ' = |
i s SPRAYS (OPTIONAL) S I T
p ! = o |
s = : : : .| OPTIONAL
E L S| M- | WALLS AND
G| T || | SG = 1 | | STACK
gL R = L
C A | e - |
HEE = I R

REACTOR BUILDING

DIFFUSION MEMBRANE WALLS
POROUS TO GASES AND STEAM

SHOCK AND MOISTURE RESISTANT
HIGH EFFICIENCY HALOGEN AND

PARTICULATE - FILTER-ADSORBER

i ——
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F. DOUBLE CONTAINMENT

SOLID ‘
CONCRETE /

SHIELD —

CONFINEMENT AND bbN:TAINMENT METHODS

-~

v

STEEL MEMBRANES STACK

_~ANNULAR SPACE

\ FILLED WITH !
"POPCORN"

CONCRETE

, RECIRCULATING -
COOLER ™2 | SHIELDED
| | EXTERNAL
I FAN
B s N . i — HOUSE
(A% OPTIONAL
NIl ) A _“FILTER -
‘9‘“ I; < 4 |S6 ([T | S ADSORBER
A, ¥ /
<< v 2\w
T T T T R TR ERRTERRRA A WA
’ N - — — N
N —— — - N
DOUBLE CONTAINMENT VESSEL J == YEL CANAL—= 1}

THRHTITINTINNRRNRRNEANANA

NN\
|.STFEL MEMBRANES WITH SUPPORTING "oOPCORN" FOR POROUS LOAD

BEARING WALL |
o INTERNAL PRESSURE TO MEET DESIGN

3 LEAKAGE EACH MEMBRANE - O.1% P

VALUE
ER 24 HOURS
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~ CONFINEMENT AND CONTAINMENT METHODS

E. CONTAINENT WITH VALVING

i
.

’
!
,
i
'

B.V TI7777A e RZZTZTY e CZTTTID o CZZZZZZD e QT IZITZ L, ‘ )
XY RF RF | RF RF 4
/ RELIEF [VAWVES | - | [
L e 7 7 ™ GIV. V.
2 S PRAYS. 7K »
v JHPIFIA[R .
¥4 - AP B !
lvlé 7% ~ |
LV 9 419
‘I _  AvIPIF AL |
T T L T T TR T R R v TR T T U T TR RO T T T T T L L T T D v T DT v e v v e ey

REACTOR BUILDING

|. REINFORCED CONCRETE .
2. DYNAMIC PRESSURE 10-12 HgO “AP.

3

STATIC PRESSURE

“4-5 PSI.
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CONFINEMENT AND CONTAINMENT METHODS

D. CONTAINMEN'T PLUS PRESSURE SUPPRESSION

' ' STACK
INLET FI
(opﬂON'ﬂ_E)R REFUELING BUILDING
EWWWM%
’ arR [F1| D | '
2 o | [
P g?___ Acr— “/ T | g
\\\\\\\”\\\\\\\\\\ i AR AR AR R R RNY/AR R RN TN
LV = / C
R A Lx AR
— TV
Rsuandusal
— | |=-- DRY WELL ':—jJ-_-T-—- SUPPRESSION POOL
= ——/  (TOROIDAL)

\

| REACTOR = BWR
REFUELING BUILDING (MASONRY OR METAL)

DYNAMIC PRESSURE  1.0" H,0
STATIC PRESSURE -2 PS]

LEAKAGE - MINIMAL TO REDUCE SIZE OF
SCRUBBER-FILTER UNIT

T S
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' CONFINEMENT AND CONTAINMENT METHOD | o
C. CONTAINMENT PLUS CONFINEMENT I

s . TV
i Y

REINFORCED
CONCRETE

STACK

SPRAYS

\\G\\ T\\T\/\\ %
AN _ %//

\\4\\\\\\\\\\\\\\\\\\\\\\\\\\x\ TSR TR T T

BLOWER

A. CONTAINMENT VESSEL’

STEEL OR REINFORCED CONCRETE TO SAME SPECIFICATIONS
AS .CONTAINMENT ALONE ' ' ‘
B. CONFINEMENT VESSEL

REINFORCED CONCRETE ~ STRENGTH PROVIDED BY SHIELDING
DESIGN MAINTAINS — 6" H,0 AP : »
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B. CONTAINMENT | |

T= TURBINE
G= GENERATOR .'

C= CONDENSER . | —

IV. = ISOLATION VALVE WATER _STORAGE

SG= STEAM GENERATOR (OPTIONAL I J. J, L
NOT USED IN BWR) /

OPTIONAL CONTROL . _ SPRAYS =)

RCS =RECIRCULATING AIR FG
CLEANING SYSTEM " - RCS

FG=FOAM GENERATOR 7 Y t
6 | T > S6
AN MR R WY RAARRAANR l.V.

C 7

1)

vV

CONFINEMENT AND CONTAINMENT METHODS

STACK

TRNT

MV PR TRV RARARR \T\\\\\\\\X/\\\\\‘ NARIRRRR

CONTAINMENT VESSEL
I.STEEL OR REINFORCED CONCRETE WITH STEEL MEMBRANE

2. STATIC PRESSURE EQUAL TO DESIGN RELEASE CONDITIONS

3. DYNAMIC LEAKAGE = 0.1% OF VOLUME PER DAY AT DESIGN
PRESSURE . (LEAKAGE SPECIFIED. MAY
BE GREATER OR LESS)

BLOWER OR EJECTOR
FOR ROUTINE RELEASES
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CONFINEMENT AND CONTAINMENT METHODS

A. CONFINEMENT

SPRAY (OPTIONAL)

NN Fo

2. DYNAMIC PRESSURE — 1"H O
|+ -2 PSI

3. STATIC PRESSURE

- = = h
7 / /(//////////////////////1///// 7770720 2222 228 L 22 L L ’; ” .
'g -AP P é S i F
g . 7 =,
% %
z
/ Y
; /. (OPTIONAL)
e z
2 4
g REACTOR [} .
7 7 I .
\\\\\\\\\\\\\\\\\\\ SRS NRRNY 1N N\ W L . W A ) A N N AN N N SN IR N )N S N N N N
REACTOR BUILDING . P=PREFILTER
. MASONRY OR METAL F=FILTER

A= ADSORBER






